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[0163] These results show that ligands and receptors can 
be represented as vectors to determine the probability of 
identifying a ligand that binds 10 a receptor. 

EXAMPLE V 

Optimization of Anti-idioiypic Antibody Ligands 

[0164] This example sbows thai screening ligands with 
receptor variants increases the probability of identifying an 
optimal binding ligand. 

[0165] The parent recepior was antibody BR96, a mouse 
monoclonal antibody to Le 1 -related cell surface antigens. 
Six recepior variants were generated using random' codon 
synthesis as described in U.S. Pat. Ko. 5.264.563 and in 
Gliiser el al. supra. Briefly, synthesis was performed using' 
two DNA synthesizer columns. For simplicity, the DMA 
sequences are referred to as the coding strand although, in 
practice, all • oligonucleotides, were . synthesized as the. 
complementary sequence. On column L a trinucleotide cod- 
"ing for the predetermined parental codon found al the CDR 
posiiions specified below was synthesized. On column 2 a 
random codon encoding all' 20 amino acids was synthesized 
using tbe nucleotides XXG/T where X represents a mixture 
of dA, dC. dC and Tcyanoethyl phosphoramidites. Toe use 
of the XXG/T codon reduces the number of stop codons 10 
include only UAG, which can be suppressed in supE £. coli 
bacterial strains. After synthesis of each codon, tbe beads 
from the two columns were mixed together, divided in half, 
and then repacked into two new columns. The columns were 
then returned to tbe DNA synthesizer and the process was 
repealed for the subsequent CDR positions. After ibe final 
■synthesis step Ihe contents of the iwo columns were pooled 
and the resulting oligonucleotides purified. This particular 
application of codon-based synthesis results in a mixture of 
oligonucleotides coding for randomized amino acids within 
a predefined region while maintaining a 509!- bias toward the 
parental sequence al any position. By altering the proportion 
of tbe beads in tbe two columns, tbe level of substitution 
wiib respeel to parental sequence can be further controlled. 
Furthermore, auy given position can retain a specified codon 
and mixtures of codons other than XXG/T can be used to 
insert only some subset of amino acid residues if desired. 

[01.66] Oligonucleotides containing randomized codons 
were used to generate receptor variants by mutagenesis 
(Kuokel. Proc. Natl. Acad. Sci. USA 82:488-492 (19S5) and 
Kunkei et. al., Methods EnzymoL 154:367-382 (1987)). 
Briefly, M131XL604 or M131XL605 phage were grown in 
the dul" ung" Esclicriciua coli strain CJ236 (BioRad, Rich- 
mond. Calif.) and phage were precipitated by adding 0.25 
volumes of 3.5 M ammonium acetate, 20% polyethylene 
glycol/ml of cleared culture supernatant. Uracil-substituted 
single stranded DN'A was isolated by phenol extraction 



followed by ethanol precipitation. From 6 to S pmol of 
phosphorylated oligonucleotide were used to mulagenize 
250 Qg of the chimeric L6 template in a 13 ,«1 reaction 
volume (Huse si al.,/. Immunol. 149:3914-3920 (1992). The 
reaction products were diluted twofold with water and 1 /A 
was elect roporated into £". coli strain XL-1 (Stratagene, San 
Diego, Calif.) and litcrcd onto a lawn of XL-1. 

[0167] Three anti-idiotypic antibody ligands were gener- 
ated by immunizing 6 or 7- week-old BALB/c mice intrap- 
eritoneal (four times, once every 20 days) with 50 ug of 
purified antibody BR96 using aluminum hydroxide as adju- 
vant. Tbe reactivity of the mice sera was tested by ELISA 
(Fields et al.. Nature 374:739-742 (1995)). After a final 
boost with soluble polyclonal rabbii IgG, mice with -the 
strongest response were killed and the spleens were used to 
obtain hybridomas as described (Galfre and Milstein, Meth- 
ods EnzymoL 73:3-46 (1981)). 

[0168]. Receptor variants were screened for binding to 
anti-idiotypic antibody lig:inds. The anti-idiotypic antibody 
ligands were screened against tbe parent receptor and six 
receptor variants to determine- binding activity using an 
ELISA assay (sec FIG. 3). Anti-idiotypic antibody No. 1 
was classified as binding lo receptor 12 and tbe parent 
recepior. Anti-idioiypic antibody No. 7 was classified as 
binding lo recepior 7, recepior 10 and the parent receptor. 
Anti-idioiypic antibody No. 3 was classified as binding to all 
of tbe receptors, including the parenl receptor. 

[0169] The nucleotide and amino acid sequences of Ibe 
lighl chain CDR ■ regions 1 aod 2 of the parent receptor 
(designated wild type) and the six recepior variants (desig- 
nated" M 1.31 B3-5 through M131B3-12) are shown in Table 
1. Tbe nucleotide and amino acid sequences (SEQ ID NOS: 
1, 3. 5, 7, 9, 1.1, 13, and 2. 4, 6, 8, 10, 12, 14, respectively) 
for the CDR LI region of the parent and six recepior variants 
are shown in the lop half of Table 1. The nucleotide and 
amino acid sequence (SEQ ID NOS: 15, 17, 19, 21, 23. 25, 
27 and 16, 18, 20, 22, 24, 26, 28. respectively) for tbe CDR 
L2 region of the parenl and six recepior variants are shown 
in the bottom half of Table 1. In Table 1, Li and L2 CDR 
mutations in M13IXL604 clones were selected on the basis 
of binding to anti-idioiypic antibody No. 3 similar to lhai of 
wild type and negligible binding lo' anti-idiotypic antibody 
No. L. Changes resulting from tbe mutagenesis' procedure 
are indicated by boldface type. 

[0170] Several positions in the receptor .sequence were 
found lo be conserved while other positions were found lo 
differ from the parent recepior in both CDR regions 1 and 2. 
Substitutions occurred at .ill five target loci in CDR Ll and 
at. three loci in CDR L2. Tne total number of substitutions in 
CDR Ll aud CDR L2 ranged from two to four in each 
mutant. 



TABLE 1 



Nucleotide and Amino Acid Sequences of Receptor 
Varia.-.ts of SP.96 Antibody 




Wild type AGC TCA AGT GTA ACT TTC ATG AAC 



Ser Vai Ser ?he Met Asa 



US 2003/0096401 Al 



19 



May 22 : 2003 



TA3L2 I -continued 



Nucleotide anc Amino Acid Sequences of Receptor 
Variants of 3?.9Z Antibody 



Ml 3133-5 


AGC 


TCA 


ACT 


GTA 


AGG 


TTC 


ATG 


AAC 




Ser 


Ser 


Ser 


Vai 


Arg 


Phe 


Met 


Asn 


M13133-S 


AGC 


GAG 


AGT 


GTA 


AAT 


CTT 


ATG 


AAC 




Ser 


Ciu 


Ser 


Vai 


Asn 


Leu 


Met 


Asn 


M131S3-7 


AGC 


TCA 


AGT 


GTT 


AAT 


TTC 


ATG 


AAC 




Ser 


Ser 


Ser 


Vai 


ASD 


Phe 


Met 


Asn 


MU1B3-10 


AGC 


TCA 


ACG 


GTA 


AGT 


TTC 


ATG 


AAC 




Ser 


Ser 


Thr 


Vai 


Ser 


Phe 


Met 


Asn 


M131B3-1 ] 


AGC 


TCA 


AGT 


GTA 


GCG 


TAT 




AAC 




Ser 


Ser 


Ser 


Vai 


Ala 


Tyr 


■ Met 


Asn 


M131B3-12 


AGC 


CAG 


AGT 


OCX J 


»CAT 


ATG 


AAC 








Ser 


Ala 


easy 

Lvs 


Kis 


Met 


Asn 






45 


50 


51 


52 


53 


54 


55 


55 


*ild type 


GCC 


ACA 


TCC 


AAT 


TTG 


GCT 


TCT 


GGA 




Aid 


Thr 


Ser 


Asn 


Leu 


Ala 


Ser 


Gly 


ML 312 3-5 


GCC 


ACA 


GAG 


AAG 


TTG 


GCT 


TCT 


GGA 




Aia 


Thr 


Glu 


Ly a 


Leu 


Ala ' 


Ser 


Gly 


M13133-6 


GCC 


ACA 


GTT 


AAT 


TTG 


GCT 


TCT 


GGA 




Aia 


Thr 


Vai 


Asn 


Leu 


Ala 


Ser 


Gly 


M 1 T 1 5 ~ - 7 


GCC 


ACA 


GTG 


AAT 


TTG 


GCT 


TCT 


GGA 




Ala 


Thr 


Vai 


Asn 


Leu 


Aia 


Ser 


Gly 


M131B3-10 


GCC 


ACA 


TCC 


AGG 


GCG 


GCT 


TCT 


GGA 




Aia 


Thr 


Ser 


Arg 


Ala 


Ala 


Ser 


Gly 


M13133-11 


GCC 


ACA 


CAG 


AAT 


TTG 


GCT 


TCT 


GGA 




Aia 


Thr 


Gin 


Asn 


Leu 


Ala 


Ser 


Gly 


MU1S3-12 


GCC 


ACA 


TCC 


AAT 


TTG 


GCT 


TCT 


GGA 




Aia 


Thr 


Ser 


Asn 


Leu 


Aia 


Ser 


Gly 



[0171] The results of the screen arc summarized in FIG. 
6, wbere receptors are represented as disc; and ligands are 
represented as symbols. These results demonstrate that 
screening ligands against a population of receptor variants 
will rapidly identify ligands having optimal binding activity. 
For example, if the collective receptor variant population of 
this example were screened in the melanophore system, 
liaaod No. 3 would have generated the highest signal since 
it hinds in all seven receptors in the receptor variant popu- 
lation. Ligand No. 7 would give a weaker signal since this 
ligand binds to three receptors in the receptor variant popu- 
lation. Ligand No. 1 would give a still weaker signal since 
this ligand binds to two receptors in the receptor variant 
population. Thus, screening with a collective receptor vari- 
ant population provides more information about the binding 
characteristics of the ligand than screening with the parent 
receptor alone. In addition, ligands that bind weakly to the 
parent receptor may not have been delectable above back- 
ground when screened against the parent alone but are 



detectable- when more than one receptor- in the receptor 
variant population binds to the ligand. 

[0.172] These results demonstrate that screening a receptor 
variant population rapidly identifies optimal binding lieands 
to a receptor. 

EXAMPLE VI 

Modification of the Doublelox Targeting Vector 

[0173] This example describes modification of the dou- 
blelox targeting vector. 

[0174] The doublelox targeting vector pBS397-p53cal 
could not be used as a general vehicle for applying directed 
evolution technologies to. a wide range of proteins becau.se 
the synthetic polylinker region contained a limited number 
of unique restriction sites that hindered rapid cloning of the 
target protein(s) of interest. Moreover, the vector did ool 
contain tbe Gjameoious phage origio of replication and, 
consequently, couid not be used to generate single -stranded 
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TABLE 3-continued TA5LZ 3 -continued 



Suir.mary qz asu.no acid sequence of randomly Sununarv of amino acid sequence of randomly 
selec-ed 3?.? variants. selec-.ad 9Rg variants. 

Lib- # Desiq- Lib- # Oesig- 

rary Sequenced nation n Sequence irary Sequenced nation n Seouence 



(silent mutations) 



1.8 
1.9' 
! . 10 
1.11 

WT 
2 . 1 

2.3 

2 . i 
2.5 
2.6 
2.7 
2.8 
2.9 

2.10-U 
WT 
j . 1 
3.2 
3.3 

3 . t 
3.5 
3.6 
3.7 
3.3 
3.9 
3.10 

WI 

4 . 1 
( . 2 
A .3 
i . i 



s 

R 

(deletion ) 

VTLFI SAVQD 

L 

A 

L 

V 

N 

X*- 

T 
H 

P 

(silent muta-cions ) 
DNTLAWVWV 
0 G 
L G 
P G 
M G 
C 
S 

G W 
G K 
G L 

C . 

TSIGEQPWG?. EFA 
V 



[0202] These results describe the generation of focused 
BRP libraries. Hybridization mutagenesis of BK1' using 
oligonucleotides synthesized by codon-based mutagenesis 
introduced the desired diversity focused across the regions 
of interest. 



Functions 



EXAMPLE X 

Screening of BRP Libraries Expressed' 
in Mammalian Cells 



[0203] This example describes functional screening of 
BRP libraries expressed in mammalian cells. 

[0204] Each of the four BRP libraries was used to trans- 
form the mammalian host cell line 13-1 using optimized 
conditions described in Example VIII, and site-specific 
integrants were selected with geoeticin. Host cells trans- 
formed with BRP varianLs were identified based on resis- 
tance to geoeticin and subsequently were isolated, expanded, 
and screened'for Zeocin sensitivity (FIG. 7). After prolif- 
eration to obtain a sufficient number of cells, each clone was 
plated in four separate wells to permit exposure to variable 
concentrations of: Zeocin for 14 days. Similar to previous 
results, clones transformed with wild type BRP were resis- 
tant to 500, 1000. and 2500,i/g/ml Zeocin but were killed by 
treatment with 5000 ug/ml Zeocin. Therefore, in order to 
identify BRP variants with beneficial mutations conferring 
increased affinity for Zeocin, one sample of all clones was 
treated with 5000 jtg/ml Zeocin. Conversely, to identify 
mutatiuns that diminished binding to Zeocin, that is. sensi- 
tive to 2500 ug/ml Zeocin. cultures of each clone were 
treated with 500 or 1000 ug/ml Zeocin. Clones that were 
sensitive to 500 ug/ml Zeocin were not characterized further 
but presumably include mutations that render BRP non- 
functional due to disruption of critical binding residues or 
substantial perturbation of the structure of BRP. 

[0205] Site-specific targeted integrants were selected by 
placing the transfected cells in media containing geoeticin. 
Following tbe outgrowth of colonies, separate cultures of 
each clone were grown in the presence of the indicated 
concentration of Zeocin. The phenotypes of tbe BRP vari- 
ants were categorized as beneficial (resistant to 5000 itg'mi 
Zeocin), wild type (resistant to 2500 ug/ml Zeocin), detri- 
mental (resistant to 500 and 1000 ug/ml Zeocin), or non- 
functional (sensitive 10 500 ug/ml Zeocin). The variants 
were categorized as shown in FIG. 7. 

[0206] Treatment of the clones transformed with BRP 
mutants with varying amounts of Zeocin led to the identi- 
fication of multiple clones displaying altered sensitivities to 
Zeocin, with detrimental mutations being identified most 
frequently. The predominance of detrimental mutations foi- 



Table 1. Nucleotide and Amino Acid Sequences of Receptor 
Variants of BR96 Antibody 



Amino Acid 26 27 28 29 30 31 32 33 

CDR LI 

Wild type AGC TCA AGT GTA AGT TTC ATG AAC 

Ser Ser Ser Val Ser Phe Met Asn 

M131B3-5 AGC TCA AGT GTA AGG TTC ATG AAC 

Ser Ser Ser Val Arg Phe Met Asn 

M131B3-6 AGC GAG AGT GTA AAT CTT ATG AAC 

Ser Glu Ser Val Asn Leu Met Asn 

M131B3-7 AGC TCA AGT GTT AAT TTC ATG AAC 

Ser Ser Ser Val Asn Phe Met Asn 

M131B3-10 AGC TCA ACG GTA AGT TTC ATG AAC 

Ser Ser Thr Val Ser Phe Met Asn 

M131B3-11 AGC TCA AGT GTA GCG TAT ATG AAC 

Ser Ser Ser Val Ala Tyr Met Asn 

M131B3-12 AGC CAG AGT GCT AAG CAT ATG AAC 

Ser Gin Ser Ala Lys His Met Asn 
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Amino Acid 49 50 51 52 53 54 55 56 

CDR L2 

5 Wild type GCC ACA TCC AAT TTG GCT TCT GGA 

Ala Thr Ser Asn Leu Ala Ser Gly 

M131B3-5 GCC ACA GAG AAG TTG GCT TCT GGA 

Ala Thr Glu Lys Leu Ala Ser Gly 

M131B3-6 GCC ACA GTT AAT TTG GCT TCT GGA 

10 Ala Thr Val Asn Leu Ala Ser Gly 

M131B3-7 GCC ACA GTG AAT TTG GCT TCT GGA 

Ala Thr Val Asn Leu Ala Ser Gly 

M131B3-10 GCC ACA TCC AGG GCG GCT TCT GGA 

Ala Thr Ser Arg Ala Ala Ser Gly 

15 M131B3-11 GCC ACA CAG AAT TTG GCT TCT GGA 

Ala Thr Gin Asn Leu Ala Ser Gly 

M131B3-12 GCC ACA TCC AAT TTG GCT TCT GGA 

Ala Thr Ser Asn Leu Ala Ser Gly 

20 The results of the screen are summarized in 

Figure 6, where receptors are represented as discs and 
ligands are represented as symbols. These results 
demonstrate that screening ligands against a population 
of receptor variants will rapidly identify ligands having 

25 optimal binding activity. For example, if the collective 
receptor variant population of this example were screened 
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Table 3 . Summary of amino acid sequence of randomly- 
selected BRP variants. 



Lib- 


# 


Desig- 


n 


Sequence 


rary 


Sequenced 


nation 






1 


16 


WT 


4 


DFVEDDFA 






1 . 1 


1 


R 






1 . 2 


1 


L 






1 . 3 


1 


s 






1.4 


1 


G 






1 . 5 


2 


c 






1.6 


1 


Y 






1.7 


1 


L 






1.8 


1 


G 






1.9 


1 


S 






1 . 10 


1 


R 






1 . 11 


1 


(deletion) 


2 


18 


WT 


5 


VTLFISAVQD 






2 . 1 


2 


L 






2 . 2 


1 


A 






2 . 3 


1 


L 






2.4 


1 


V 






2 . 5 


1 


N 






2 . 6 


1 


I 






2.7 


1 


T 






2 . 8 


2 


H 






2 . 9 


1 


P 






2.10-11 


1 


(silent mutations) 



